It has been shown that the Earth's inner core has an axisymmetric anisotropic structure with seismic waves traveling ∼3% faster along polar paths than along equatorial directions. Hemispherical anisotropic patterns of the solid Earth's core are rather complex, and the commonly used hexagonal-close-packed iron phase might be insufficient to account for seismological observations. We show that the data we collected are in good agreement with the presence of two anisotropically specular east and west core hemispheres. The detected travel-time anomalies can only be disclosed by a lattice-preferred orientation of a body-centered-cubic iron aggregate, having a fraction of their [111] crystal axes parallel to the Earth's rotation axis. This is compelling evidence for the presence of a body-centered-cubic Fe phase at the top of the Earth's inner core.
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elastic anisotropy | Fe-bcc/-hcp | PKiKP/PKIKP waves | molecular dynamics T he Earth's inner core (IC) is a small spherical body (with a radius of 1,200 km) located at the center of our home planet. Since its discovery in the late 1936 by Inge Lehmann (1) , it has long been the most out of reach and enigmatic place of the Earth. Through comparison of the equation of state to seismic data and the abundance of iron, it has been established that the solid IC mainly consists of iron (2) (3) (4) . The growth of the IC from the freezing of the molten iron alloy at the inner-core boundary (ICB) (5) drives the convection in the outer core and provides the energy source for the geodynamo (6) . From the analysis of the normal modes of the Earth's free oscillations and the body wave data, it has been found that compressional P waves travel about 3% faster along the Earth's spin axis than in the equatorial plane (7) (8) (9) (10) . The growing evidence of an elastic anisotropic IC has continued to generate interesting understandings of the deepest part of our planet, though not all the scientific efforts have converged to the same scenario. Surprisingly, the picture has become more and more confusing as further observations have been collected (7) . Explaining the anisotropic IC behavior within a unified and well-accepted geophysical model has become an increasingly complicated issue. Nowadays, we know that the Earth's inner core has a rather complex three-dimensional structure, where texture (11) (12) (13) and degree of seismic anisotropy (14) (15) (16) (17) (18) (19) (20) change considerably with depth. The most recent view of the solid core corresponds to an uppermost isotropic layer characterized by faster P waves in the eastern hemisphere than in the western one (15, 21, 22) . Although the existence of an outermost isotropic layer has somewhat been questioned (23, 24) , more consensus has been reached about the presence of a deeper and more anisotropic region (13, 16, 25) .
Different mechanisms have been proposed to explain the IC anisotropy (26, 27) , though most of them have firmly relied on the lattice-preferred orientation (LPO) of both the hexagonalclose-packed (hcp) (12, (28) (29) (30) (31) and the body-centered-cubic (bcc) iron crystals (32) . The c axis of the hexagonal iron has been either oriented parallel (33) or perpendicular (12, 34, 35) to the Earth's spin axis, so as to account for the difference in the polar and equatorial seismic velocities. However, the Fe hcp becomes close to the ideal c∕a ratio of 1.6299 at the temperature of the IC (36, 37) , thus vanishing the topological low-temperature elastic anisotropy of the hexagonal phase (33) . Therefore, other iron phases have to be taken into account to address the IC anisotropy. A likely candidate is the body-centered-cubic iron, which is a stable phase at the Earth's inner-core conditions either as a pure element (36, 38, 39) or alloyed with silicon (40) (41) (42) . Hence, it is of primary interest to compute how the LPO of bcc might explain the selected seismic data. In addition, at the ideal c∕a value, the Fe hcp becomes very similar to the face-centered-cubic (fcc) crystal, and therefore we do not consider here the fcc iron as a possible candidate for explaining the elastic anisotropy of the IC.
To address which type of iron lattice best accounts for innercore properties, one needs reliable seismic observations and a good knowledge of the elastic properties of different iron phases. Then, from comparison of these two sets, one can establish which crystal lattice is likely to be responsible for the measured seismic data. This is exactly what our study is aimed at.
Model
Seismic Data Selection and Handpicking Method. Constraining the seismic velocity in the uppermost portion of the IC is a key issue for understanding the crystalline structure of the solid Earth's core, its dynamics and growth, and the influence on the geomagnetic field. The waveforms of the PKIKP (PKPdf) and PKiKP (PKPcd) phases observed at the epicentral distance (Δ) range of 120°-145°have been used to constrain the seismic structure in the top 100 km of the Earth's inner core. The ray paths of P wave transmitted (PKIKP) through the inner core and the one reflected off (PKiKP) the ICB are very similar along the mantle and outer core, thus similarly affecting the PKIKP and the PKiKP phases (15) . Our seismic data have been acquired from the recordings in the Global Seismographic Network of the Incorporated Research Institutions for Seismology Consortium and in the J-array network (43) for the period 1994-2009 (Table 1) . Specifically, we searched for intermediate and deep events (focal depth ≥97 km and M w ≥ 5.7) that have shorter time functions and higher signal-to-noise ratios than shallow earthquakes. A total of 224 pairs of high-quality PKiKP and PKIKP observations have been selected on the basis of the above criteria. Broadband seismograms have been bandpass filtered with the World-Wide Standard Seismograph Network short-period instrument response. The waveform modeling technique (15, 22, 45) has been adopted for the handpicking criteria to avoid problems of small separation and interference between the PKIKP and To whom correspondence may be addressed. E-mail: mmattesi@fis.ucm.es or mao@fl.ciw.edu.
PKiKP phases. The observed PKiKP-PKIKP travel-time residuals (δt) are shown in Fig. 1 , together with earlier reported seismic data. Apart from possible small-scale heterogeneities (47) and a bumpy ICB (48, 49) , a clear difference between the eastern and western hemisphere has been found. Seismic waves that sample the eastern hemisphere of the inner core can be adjusted by a model velocity that is 0.5-2.0% faster than Preliminary Reference Earth Model (PREM), whereas those which passed through the western hemisphere can be modeled by a model velocity that is 0.3% slower than PREM. The data show that the western hemisphere is definitely more homogeneous than the eastern one, a result that agrees quite well with previous works (15) . Instead, the eastern portion of the IC shows δt values that are more scattered, which is a clear sign of an higher degree of heterogeneity. The highest positive residuals reported correspond to the socalled polar African anomalies (46) . The striking feature here is that Africa is being considered to belong to the geographic division of the western hemisphere, and therefore should have negative differential travel-time residuals. This applies to the equatorial African data of Fig. 1 , but not to the polar directions. These unusual polar-equatorial differences have initially been attributed to seismic anisotropy in the upper portion of the IC (46).
Inner-core anisotropy. To investigate the elastic anisotropy of the outermost part of the IC, we applied the Transversely Isotropic Model (7-9) to both bcc and hcp polycrystalline aggregates of iron. For the hexagonal system, we assumed a polycrystalline aggregate having the [001] axes (i.e., the c axis) oriented along the Earth's rotation axis, whereas for the bcc textural model, we adopted an aggregate with the [111] axes [i.e., the main diagonal (32)] aligned with the Earth's spin axis. An appropriate correlation of the observed travel-time residuals [δtðΔ; ξÞ] with the ray-angles (ξ) can be achieved through Eqs. 1 and 2:
where the c ij are the polycrystalline elastic constants given in Table 2 , V po the Voigt-Reuss-Hill averaged velocity (50) (51) (52) , ρ the density, and tðΔÞ the PREM travel time of PKIKP wave inside the inner core. For the cubic aggregate ½ 
MD runs have been carried out for the nonstrained as well as for the 20 strained configurations. The systems have been equilibrated for 8,000 time steps and then 8,000 time steps have been used to accumulate the averages. The time step was equal to 0.5 fs. The bcc elastic constants have been computed earlier (54) . The hcp elastic constants have been calculated in the present work in a way similar to the approach applied by L. Vočadlo (55) . However, to get the constants as precise as possible, the following improvements have been introduced. First, we optimized the c∕a ratio directly from several MD runs and obtained at 6,000 K c∕a ¼ 1.627. Vočadlo (55) used c∕a ¼ 1.6 as obtained from the particle-in-cell treatment (comparably inexpensive approximate method). Note, that at 7,000 K c∕a becomes ideal and hcp anisotropy basically vanishes. Second, we run a bigger system for longer times. Third, we treated explicitly 14 valence electrons. The temperature we have chosen for the core (6,000 K) is perhaps too low. Indeed, the latest quantum Monte Carlo simulations (56) confirmed the earlier prediction of high melting temperature of iron (57) . At pressures of IC (3.3-3.64 Mbar) iron melts above 7,100 K. However, we keep the temperature at 6,000 K to be on the conservative side of the IC temperatures estimate. This makes the hcp phase more anisotropic, therefore all the conclusions that follow will be even more valid at 7,000 K.
All the elastic constants we use are summarized in Table 2 .
Results
Theoretical hcp and bcc velocity curves for polycrystalline texture in the solid core are shown in Fig. 2 . An important dissimilarity between these two models has been found on the lower ray-angle region, on which the bcc aggregate has the steepest velocity variation. The hcp textural-type yields a polar-equatorial velocity difference of 1.95%, whereas the bcc model is 0.69% higher (2.64%). Therefore, the latter aggregate is definitely in better agreement with the well-known 3% value reported from geophysical data (7). It should be remembered, however, that small amounts of light elements are likely alloying the iron metal at the IC conditions, thus further affecting the overall elastic anisotropy pattern. The minimum velocity is achieved at ξ ¼ 48.2°and ξ ¼ 49.1°for hcp and bcc Fe phase, respectively. In either case, the lowest velocity angle is somehow overestimated with respect to experimental results on iron at high pressures [ξ ¼ 45° (58)].
The comparison between the two texturing models and the seismic observations is shown in Fig. 3 . The cubic aggregate (Fig. 3A) is in good agreement with the observed seismic anomalies, whereas a shortcoming description is provided by the hexagonal model (Fig. 3B) . The seismic data bottoming between the 0-100 km of the IC are binned at Δ ¼ 130°and are reasonably well reproduced by a bcc iron aggregate having 25% of LPO. That is, the hemispherically averaged topmost layer of the Earth's IC can be modeled by a bcc iron aggregate with 25 AE 2% of its [111] crystal axes aligned along the Earth's spin axis, whereas the rest are randomly oriented. Reliable and consistent results have also been accomplished when considering the datasets of Creager (8) and Song and Helmberger (59) which are centered at Δ ¼ 150°a nd are sampling a deeper IC portion (100-300 km). At the epicentral distance of 150°, the magnitude of the calculated polar (8.6 s) and equatorial (5.1 s) travel-time anomalies are somewhat overestimated by the bcc aggregate with respect to observations. Nevertheless, an excellent agreement with the seismic signals is achieved by considering half of the Fe-bcc crystals oriented along the Earth's spin axis. The attained Fe-bcc elastic anisotropy pattern for the IC is remarkably similar to that observed seismologically (Fig. 3A) . The needed 50% of LPO for bcc is a much less severe requirement than initially proposed for the zero-temperature hcp iron (33) , where the entire single crystal has to be oriented along the spin axis of the Earth. Besides, a solid inner core made of a single hcp crystal is unlikely to exists, as the iron grain-coarsening rate at IC conditions has been computed to be always lower than the inner-core growing rate (60).
The hcp-Fe model produces nodes (at ξ ¼ 31.5°, 67.0°, 112.9°, etc.) that are pointing to precise ray-angle values with vanishing differential travel-time residuals (Fig. 3B) . Such a behavior does not fully fit with the reported seismic data. However, the limitation of the hexagonal model becomes clearer at polar ray angles (20°≤ ξ ≤ 40°), where both the dataset of Creager (8) and the African anomalies lay outside the upper bound of the hcp aggregate. Therefore, the bcc textural model seems to be the best candidate for describing the anisotropy of the topmost IC. As a passing remark, the calculated V po value for Fe-bcc matches better to the PREM velocity in the Earth's center than hcp (Table 2) . Additionally, the Fe-bcc texturing type clearly accounts for an uppermost (top 100 km) anisotropic western and eastern hemisphere (Fig. 4) , where both positive and negative travel-time anomalies are reproduced by an aggregate having 25% of latticepreferred oriented iron bcc crystals. This is not the case when employing an hcp aggregate (Fig. 5) . Thus, the shallower hemispherical layers of the IC can be adjusted by a cubic polycrystalline aggregate using the same LPO percentage, though they bear a clear difference in their travel-time arrivals. A commonly accepted idea (15, 61) is that the western inner core is characterized by slower PKIKP arrivals and higher attenuation factors (Q α ), whereas the eastern hemisphere has rather faster P-wave propagation and low Q α (Fig. 1) . The reason behind this resides on the fact that the real seismic velocity pattern does not correspond to an entirely anisotropic medium. In a more realistic Earth's core picture, the influence of mantle heterogeneities, grain size, porosity, and inclusion of partial melt in the solid core cannot be completely precluded. These isotropic contributions to travel-time anomalies have been practically introduced in Eqs. 1 and 2 by means of the μ hem term, which accounts for the hemispherical dichotomy through the observed velocity changes of Fig. 1 . As the thermal heterogeneous mantle controls the convection in the liquid outer core, it is probable that a different heat flow near the ICB gives rise to an isotropic hemispherical differentiation (62) . On the colder western (hotter eastern) inner-core side, a rapid (slow) freezing rate of the molten iron might lead to a higher (lower) degree of porosity and therefore to slower (faster) PKIKP-wave propagation. This might address the measured positive (negative) eastern-like (western-like) differential traveltime residuals reported in Fig. 1 . From the analysis of polar African anomalies, we found more severe constrains to be used in discriminating one texturing model from the other. When comparing together Fig. 3 A and B , one realizes that the polycrystalline bcc aggregate better accounts for the entire set of African travel times. Polar anomalies are obeying the eastern-like bcc model (dataset centered at ξ ¼ 30°in Figs. 3A and 4), whereas the corresponding equatorial differential travel times (40°≤ ξ ≤ 90°) are comparing rather well with the bcc western-like data points. Conversely, the hcp model cannot properly account for the polar signals centered at ξ ¼ 30° (Figs. 3B and 5) . A special case is represented by the data binned at around ξ ¼ 20°t hat are showing a sort of PREM-like behavior, and therefore they are just positioned in between the hemispherical dichotomy. This complex anisotropic nature can be ascribed to the peculiar geographic position of Africa, being at the borderline between the two hemispheres. It is likely that, beneath Africa, a localized anomalous solidification of the core material takes place, where kinking and kink bands might have formed at the top of the solid core. This alone would justify the observed travel-time anomalies that are very challenging to explain by a simple elastic model. Such an IC scenario could further explain the reported anomalously strong small-scale magnetic field changes in the top IC beneath Africa (63) and the secular variations in the Earth's magnetic field due to rapidly drifting spots in the top of the outer core (64) . It is worth mentioning that Fe-bcc has a nonvanishing magnetic moment at the IC pressure (42, 65) , which could account for different and highly localized crystal alignments according to the inner force lines of the Earth's magnetic field.
Discussion
Our study strongly suggests the existence of an axial-oriented bcc iron/iron alloy phase in the top layer of the Earth's inner core. The idea of having two inner-core hemispheres that are anisotropically similar (i.e., they held the same 25% of LPO Fe-bcc) but isotropically different (i.e., ∼1% of hemispherical PKIKP velocity variation) can be justified assuming the existence of a common density stratification process at the ICB and a thermally heterogeneous mantle that dominates the heat flow in the outer-core region (62) . Solidification of liquid iron at ICB occurs under shear compression along the liquid-solid interface, a process that indeed favors the development of oriented iron/iron-alloy microcrystals. This in turn explains, together with other proposed mechanisms for LPO formation (12, 29, (66) (67) (68) , why the shallower part of the solid inner core would continue growing according to the same kind of LPO mechanism. This establishes the base for a common degree of elastic anisotropy in both solid core hemispheres. However, an isotropic hemispherical pattern differentiation can also take place at the ICB region due to the complex heat flow in the mantle. Thermal mantle convection might drive the formation of hemispherical-dependent heterogeneities, thus controlling the porosity of the inner-core material and the amount of melt iron inclusion in the shallower layer of the IC. These effects will topologically differentiate one hemisphere from the other without implying the existence of a different degree of LPO.
At deeper depths (100-300 km), the amount of LPO increases considerably (50% of Fe-bcc), pointing to a more anisotropic IC region. This condition is then achievable when the mechanisms responsible for a lattice-preferred orientation are becoming stronger with depth, and therefore less random oriented crystals should be found in the central part of the IC. The aforementioned isotropic differentiation mechanism for the outermost IC should then disappear with increasing depth (>100 km), leading to a common isotropic inner-core pattern (8) . 
